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| NTRODUCTI ON

The David D. Terry Lock and Dam project is a result of an
initiative which grew fromthe Galveston District Senior Leaders
Conference of 1989. The project is a prototype with an Expert
System (Expert) controlling a personal conputer based SCADA
control network. The Expert is being designed by WES with

gui dance from LRD.

The project is twofold. The first phase was the Operations and
Mai nt enance phase which replaced the obsolete tainter gate renote
control and position indication at David D. Terry Lock and Dam
The second phase or special project portion is to program an
expert systemwhich will be discussed by Dr. Barry McC eave from
WES. The personal conputer (PC) based control systemreplaced an
obsol ete system of renote controls (pushbuttons) and renote

i ndi cation (selsyn indicators) installed during dam construction
to raise and | ower gates froma renote shelter | ocated on the

| ock wall .

SYSTEM DESI GN

The control system highlights are automatic control of gate
positions, accurate neasurenent of gate position and water |evel,
operator interface with graphic displays and nenu driven
functions, data collection and archival, and report generation.
The system has commruni cations capability to retrieve data from
Murray Lock and Dam (upstream) and to pass upstream and
downstream data to the Expert System The Little Rock District
(LRD) O fice has comunications capability to retrieve data from
David D. Terry Lock and Dam Three control nodes are avail able
to the operator:

- Basi c operation fromthe control panel at each gate
machi nery platform (Fall back manual operation)



- Renote operation fromthe control shelter on the |ock wall
using the Operator Interface Display (OD) unit. The unit
is an industrial keypad panel nount type.

- Renot e operation fromthe control house using a keyboard,
mouse and CRT. Moddes are Automatic/ Operator or Autonatic/
Expert.

DOMNSTREAM PRQJECT (DAVID D. TERRY LOCK AND DAM

The downstream project design can be broken down into two basic
conponents, i.e. (1) The PLC system and (2) The SCADA System
See attachnents. The objective of the PLC systemis to gather

| ocal data (status) such as gate position, gate flow, spillway
flow, nmotor overload, and | ocal -renpote switch position and to
operate interposing relays (control) to nove the gates. The gate
position is obtained through the use of increnental shaft
encoders (hall-effect type) that provide a digital square wave
output to the PLC counter nodule. The encoders are driven by a
chain that is sprocketed to a small shaft connected the | arge
hoi st drum shaft. The tainter gates are raised by the hoist
using wre rope cables which wap on the drum when noved by an
electric notor (simlar to a winch). The objective of the SCADA
systemis to provide a graphical man nmachine interface to the PLC
status and control functions on the downstream project, to gather
data on the upstream project, to pass this data to the Expert,
then nove the gates using standard gate control (see attachnents)
as requested by the Expert or the operator. Also, the district
uses a dial-up phone line to retrieve data recorded by the SCADA
system

Har dwar e and Sof t ware Vendors

A PC, progranmmable logic controllers (PLCs), renpote contro
nodul es (RCMs), increnental shaft encoders (square wave output),
fi ber optic conmunication network (for the PLCs), dial-up nodens,
SCADA software package, Dynam c Data Exchange (DDE) communi cation
server, and renote file transfer software were provided to
acconplish the project. M or equi pnent vendors of the hardware
are: PC - Gateway, PLC and RCMs - Square D, Encoders - Handar,
and Fi ber Optic Equi pnent - 3M  Maj or equi pnment vendors of
software are: SCADA software - Wnderware | nTouch, PC operating
system - Mcrosoft Wndows 95, file transfer (David D. Terry Lock
and Damto the District Ofice)- Carbon Copy, and seri al

communi cations (David D. Terry Lock and Damto Murray Lock and
Dam SCADA to Expert, and SCADA to data collection platform
(DCP)) - DDE server witten in Del phi Borland International
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(W ndows based).
UPSTREAM PRQJIECT ( MJURRAY LOCK AND DAM

The upstream project data acquisition systemwas exi sting when
this project started. It is a UNl X based systemthat collects
data froman RS 485 serial bus that uses Handar serial ASCl

i ncremental shaft encoders. The systemwas installed by U S.
CGeol ogi cal Survey (USGS) for Little Rock District and was
designed primarily for data acquisition by the District via GOES
satellite. The systemwas nodified to store data and all ow di al -
up by the David D. Terry Lock and Dam SCADA system The USGS
system provi des gate position, headwater, tailwater, spillway
flow, hydroflow, and rainfall information on Murray Lock and Dam

PROGRESS TO DATE

The SCADA portion of the project was constructed under two
separate contracts. The first contract was for the SCADA, PLC,
tainter gate position and renote control equi pnment at David D
Terry Lock and Dam It was conpleted in 1994. The second
contract was required to revise the standard gate control
operation, provide an interface to the Expert, change control
data fromgate feet to spillway flow, address tainter gate
position equi pnent problens and to interface with the upstream
project data. It is still on-going as of this date. It is

pl anned to | oad and test the Expert Systemthis fiscal year.

Al so, PC hardware and software upgrades are being consi dered at
Terry and Murray Lock and Dans to inprove comruni cati ons and task
handl i ng capabilities.

LESSONS LEARNED

The project has been on going for approxi mately eight years.

have been involved with the project for approximtely five years.
Many of the | essons | earned can be applied to other projects.

The followng is a brief list of such I essons in order of

I nport ance:

DONMNSTREAM PRQIECT (DAVI D D. TERRY LOCK AND DAM
- When automating a standard operating procedure (SOP) such as
the noving the tainter gates keep the key players invol ved

(operator, engineer, programer, |ockmaster). Let the user
explain the SOP, then wite it down and tell him how you
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understand it, then do the sane with the programer. Al so,
a sinmulation at the programrer's facility i s nost
beneficial. Keep in mnd that you can't cover al
situations and there are many limtations. Keep it sinple
if you can. W had a ot of neetings, letters, and
revi si ons.

When interfacing different systens it is best to keep a
direct line of communication between the two programmers.
Don't try to pass information back and forth.

D al -up phone line data retrieval. To date, this method of
acquiring data has been at best functional only about fifty
percent of the tinme. This nmethod is probably the |east
cost, but I would not recommend it for critical data with
short and frequent dial -ups.

If at all possible, include a renote file transfer or renote
nmoni tori ng package in the contract for the maintenance

engi neer or technician. This will allow personnel to |login
to the systemrenotely and perform mai ntenance or aid in
t roubl eshooting before going to the field. In sone cases it

may elimnate a trip to the field

Position encoder calibration. The D xson paper discusses
power loss as it affects the encoder. Another concern is
keepi ng the encoder calibrated. W have used rotational
shaft counters in the past but they have been known to | ose
position. It is recomended that a gate calibration
procedure be devel oped for a gate during higher flow
condi ti ons.

Transi ent vol tage surge suppression (TVSS). This has been a
problemat David D. Terry Lock and Dam due to the project
being on the end of a long rural electric line. This is

al so covered in the D xson paper.

TVSS wiring, grounding, and location. All three had to be
revised at David D. Terry Lock and Dam The use of series
TVSS on | ow anperage ac circuits requires separation of

i ncom ng and outgoing wiring to negate inductive coupling
during the surge event. An isolated electronic ground is

al nost inpossible to achieve and we were advised to bond to
the surrounding steel with a | ow i npedance ground. The TVSS
shoul d be | ocated as cl ose as possible to the device being
protected with the TVSS ground tied to el ectronic device
chassis, and then fromthere to ground using a | ow i npedance
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pat h.

Heat reduces battery |life on the UPS and access to the UPS
batteries should be considered. It is reconmmended that the
UPS be free standing for ease of battery replacenent and

placed in an air conditioned roomto increase battery life.

Filter cleaning/replacenent on all power supplies, PC s,
UPS, etc. should be brought to the attention of the |ock
repairman. This is inportant and failures wll occur if
this service is not perforned. Maintenance checklists have
wor ked wel | .

Be sure to include adequate spare parts in the contract.
Tinme is of the essence when sonething is dowmn. |In sone
cases it could takes 3 weeks to get a part if not on hand.

Al so, keep the parts at the project site and nmake sure ahead
of time that the project site has an adequate conditioned
space to store the spare parts.

UPS "lInverter On" alarns were common at our project in the
beginning since it is in a rural area and inductive notors
were comng on. W had to call the factory to increase the
counts per spike allowed which helped. Also, in the WM
software a delay can be set to let the "Inverter On" alarm
occur for a two to three seconds before notifying the
oper at or.

It is highly recommended to require a laptop in the contract
for progranm ng the PLCs. Also, be sure to keep the | atest
progranms on the |aptop and to keep the laptop at the project
site.

It is recormended that the "working copy” of the Operation
and Mai ntenance nmanual be kept at the project site. Mke an
effort to place the latest information in the manuals or
mark up the original material each tinme changes are nmade and
mai nt enance i s perforned.

It is recoomended that a | og book for the PLC and MM be
kept at the site to | og changes, upgrades, problens/fixes,
and preventative maintenance activities. This can be kept
on the PCif desired.

UPSTREAM PRQJECT ( MURRAY LOCK AND DAM

Since the upstream project was an existing UNI X operating
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system the |largest effort involved going thru the operating
systemto pull files off the hard disk. Again, this was
done using dial-up nodens. Initially, the dial-up was only
successful when done without a | ogin and password and this
created security concerns. After making revisions to the
Del phi DDE server the | ogin/password procedure was wor ked
out. The key was to nmake repetitive |logins at each dial-up
interval. The DDE server is a point to point process and at
present a network configuration is being considered.

CONCLUSI ON

The project on the whole has been a great |earning experience for
nmysel f, coworkers, and | ock personnel. The SCADA portion is very
near conpletion and the field installation of the Expert portion
is just beginning. | amsure there will be sone nore changes in
the future with upgrades and unforeseen conditions but the system
is flexible enough to accommbdate changes. | think the operators

i ke the system and judgi ng by the nunber of phone calls |I get, |
think they are taking full advantage of the system and there
situation has inproved.
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